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teJ&| B SS f 1618,168 40 comp^nfls beihg esters' 
fJ^t^^^^ P****"**^ acceptable salts - 

S ^ ^ R may represent alkyl optionally snbsu- 
RUed by hydroxy, aikoxy,: acyloxy, allcbxycarbonyloxy, amino, 

't &&^*£$&&% ^ a ^ 2 groups may be the .dendcal . ? _ " 
g different), and their use in diagnosis arid photochemotherapV - & 
or disorders, er abnormalities of te*tMH«i *r Jii-lv 
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'•■':-V; £STIBp^F. : 5^^)[ivUlINIC -AMD AS PHOTOSENSITIZING AGENTS IN 

^HOTQGHE^^ ■ . ^ ' ; ' " s - •.> * . \ ■ "\ .- ... ^ 



- •■ " ' ^ : ° f 5 - aminolevulinic acid (AliAi and in p^rtiGular to - ^i/^" 
■ ; _ ; . •■ ■ no^el|gf^^^|^^^se£ul photpsensi t i z i% ^genti in - 1 • 

, > ' ^ . photo chemotherapy . v >•' H , ' ; 

- / :' "', ■•- • Photqqheniother^py,- or pho t odynairii c t.herapy ( PBT) as % ' * 

? ; it is also Known, is a recently up-feomiiig tectoiiue for 

- •. f ? : . the : treatment /.of various abno^alities or disorders 6f . 
" r ^//' >*0?:$ skin or "other /epithelial organs - or mucosa, y. ]''y ' 

. ., ' especially , cancers or pre - canceroils^ lesions \ as well as * - * 
" certain npn- malignant lesions for example sfciri :•: ' 

' complaints such as psoriasis. Photochemotherapy 



•;• /?the body /V f 61 lowed :by ex^osureSto ptic 

xn^ order W ^etivate the. photosensitizing > agents and 
, Convert them ' int a cyt atoxic form, whereby the affected 
cells- are killed or their proliferative potential ' 



, h range 1 o| photosensitizing agents are known/ " V 

notably the psoralens, the porphyrins , the ~> r ' ' " •• 
and the phthalocyanins / Such drugs become - 
. toxic when exposed to ii£h£; • 
;•■ • r • : y Photos ens i t:i z xng drugs may exert; their effects by si 
. ., variety of mechanisms/ directly or indirectly . Thus for -v H 
> • ^ exiample, certain pho to s ens x t.iz e rs become directly tokic -. > "7 
wheh activated by light',; whereas /others act to generate - 
. , tqxic species/ . g , oxidising agents such as singlet 

oxygen, or other oxygen- derived free radicals^ which ire 
v extremely destructive to cellular material and " ' 

biqrnolecules such! as lipids, .proteins and 'nucleic acids ; ' 
Psoralens are. ari ^exafnple of directly acting , ^ 
phtrbosen^Atizers; ;\4pch .exposure ^to light they form ^ ^ 
$dducts arid cross-links between the two strands of DNA - 
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7 - V ; "' •'• .This disadvantage; 4ay-.Be avoid^d^y^sfiecting _ ,' ■ :|f. 

: 'action. -* For 'ekample porphyrins, which act : indirectly By -. ■ % 



: generation of toxic oxygen, species , have no .mutagenic 
side< ef fects and represent' more favourable, candidates 
":, - 'for photochemotherapy. Porphyrins are naturally 

occurring precursors in ; the synthesis of heme- In : 
. - -particular* ; heme is produced when iron CFe?r) is. 
^ , / • :'-.■!.. . '• incorporated in "protoporphyrin IX <*>p); by t the action of 



the enzyme ferrochelatase. Pp IS an extremely potent •: 
photosensitizer, whereas heme has no photosensitizing ; 
"effect • \" \', , $ ; r . >.'... f'., - ' /:! 1 -'fi \ 

■:^«ivi,v -k^tV a^Tv->ve>ri as a Dhotosensitizer " in the K . ■ ■ , : " • 
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"been approved as a c — - , .... t .,.^ ;i . ,, 

therap^ ; of - certain cancers, The'4ain disadvantage:'- is 
'that - since it ''must be administered parenterally , ; ' ■ 

cause <photosensitiz.ation of the 



skin which may ; last for several .weeks following x-.Sr. 
injection- PhotOfrih consists of large oligomers of 
; porphyrin and fi€ does . not readily penetrate the ? skin 
when ^plied~ topically . Similar problems vexist with . 1 
other , pbrphyrin-based photosensitizers--such as " the. so- ' 
-called « hematbpbrphyrin derivative - (Hpd) which 'has also 
been reported for use in cancer ■phot.ocbemotherapy (see. ; 
f oi- example S . Dougherty . J . Natl > Cancer Ins . , . i ? 74 , „ 
SZ; 3.333; Kelly and Snell, J ~ Vc&'i Jffj?' .». : 15 ^| '• \ 

Spd is a complex mixture .obtained by treating . * ? 1 '-f t 
hajejrtatbporp6yriri with acetic and sulphuric acids , after 
Which the acetylated product is dissolved with alkali.. 
<-* J To overcome these problems/ precursors Q f Pp. have • 
- been investigated for photochemptherapeutic 
: rn : . p^articuiar thb.^^ 
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' from f uccinyl CoA and glycine in the first step o^heme 
r"\ .Wfc^sa.s, is to a limited extent able^tp penetrate the 
> :.- ski ^ lead to a localised, build-up of Pp ; since the 

" ' W ; of ^rrochfclatase (the; ttvetallkting enzyme) ' is the 

S *ate limiting; step in heme synthesis/ £n -excess of ala " 
; , le * ds to accumulation of Pp, the photosensitizing agent . 
. ; Thtls ' h Y applying ALA- topically to skin tumours, -^and .'- 
then after several hours exposing the tumours to light > 
a beneficial phptochemotherapeutic effect may -be ' 
obtained (see for example W091/01727) .. : Since the skin * 
covering basxlomas and Squamous cell carcinomas is more " 
. .."I readil V Penetrated by ALA- than healthy skin, and, since, V 
r % tlie concentration of f errpchelatase is 1 low in skin * 

tumours, it has been 'found that topical application "of ' 
ALA leads to a selectively .enhanced • production of : Pp in ; 
tumours . ' ,-- '• . . ' ■>.'■■ . ■■ 

: -M:\ y ' However , . whilst the use , of ALA represents "a " : * ' 
" M si Snificant , advance; in the art, , photbchemptherapy with 

is hot always, entirely satisfactory, > ' ALA ' is not .? 
.■ ; ab : 3 : e *° Penetrate all tumours and other tissues with 
; ■ . sufficient efficacy to; enable treatment of a wide range 
Pf tumours or other conditions and ALA also tends to' be " 
^stable in pharmaceutical formulations. ' A need ' 
I therefore exists for improved photochemo therapeutic 
agents. . ' « . 

The present " invention addresses this need and in 
P * r i^l* r ^ Ims - *=> Provide .n^^H^clSfe . 
■ ■ fetter able to penetrate .the i^r^ 

. ■ f^^^prtnal^. and ^which have an enhanced : ^ ■ 

Phbtochembtherapeutic effect Pyer those described- in the 
prior art'. ; _ 

In o ne aspect,, the present invention thus provides 
comppunds being, esters of 5 -aminolevulinic acids or 
pharmabeUtically acceptable salts thereof. ; 
In the asters of the invention the' 5-aminb group ' 
, may be substituted or unsubatituted; the latter case 
; ./being/ the ..ALA esters.-- . 'V • 



■ * & - . : - *: WO 96^8412 . . V'^?^ ; 

» " ' v.- > N ' " . ■ • " '/ v - . > - ... 

r> ;;'. : ''\ ;% • : , y ' -V*- - 4 _ ~ ' 

• *•* in another aspect the present inveiitaoii als6 
V provides such confounds, or salts thereof , for. use in ^ . 

- < photochemotherapy or diagnosis. < - 

- <- ' Wor^ particularly, the compounds pf the .invent* on , ; : : 

. . - i - I ^are esters bf 5 -aminolevulinic acids, with optionally 
. - \ • ' ; substituted alkahols , ie, alkyl ^ers ?r substituted , 



alkyl esters . •;. - • . ,•• 

* ' Aiternatiyely viewed, the invention can therefore. 

\ be seeh to provide compounds of formula I , . 

< ; / r|»^ch 2 coch 2 -ch 2 co-or^ , <?> . 

A . /*. . .. ... * =iWi nationally substituted by 



■V- > 



(wherein Rf may represent ,alkyl optionally substitut 
hydroxy, alkbicy, acyloxy, ^Ikoxycarbonyloxy, » ; 
; aryl, oico or" flupro groups and optionally interrupted by- 
^^icygen,^n±trpge ! n, sulphur or phPsphorus atoms; ; and; R , 
. each of which may be the same different, Represents a 

hydrogen - atom or a group ^> and salts thereof- ;•, <. 
W" The sustituted alkyl iR* groups may be mono or poly- 
. substituted. Thus suitable R 1 groups include f or .example 

unsubstituted alkyl. alkoxyalkyl, .hydrpxyalkoxyalkyl,, 
■ polyhydrbxyalkyl> j hydrbxy poly alkylqneoxyalkyi and the 
iike/'Th-e t^rm "acyl-. ^as : used -herein includes both ; ,, . 
" carboxylate and carbonate groups, thus, acyloxy 

substituted alkyl groups include, for example • , . . /. 
alkylcarbonyldxy alkyl.: Ih such group* ' any ? . 
moieties prefarabiy We carbon atom contents ..def ine^ 
for alkyl groups ^elow. Preferred aryl groups include 
' phenyl and monocyclic 5,7 memhered heteroaromat^cs, 
especially phenyl and such groups may themselves 
optionally be substituted. • > , ... ; _ . 

- Representative substituted ^alkyl. groups R^ include 
alkoxymethyl, .alkoxyethyl and alkoxypropyl groups, or . . 
acyioxymethyl,, acyloxyethyl .and acyloxypropyl groups eg. 

pivaloylpicymet hyl , ; . » - ' *' >-* ... 

[ ' Preferred cPmpounds of ;the; invention, include those 

Wherein R- represents ^ uhsubsti^uted alkyl group ' and/or 




e^ch represents a"hydro<gen atom. . % ^ v 

' \\ ■ \„ As used Jierein., the term "alkyl" includes any %&tig f . c 

" ^ °? short chain, s.t raight- chained .. or -branched aliphatic ' 

; ^ saturated or unsaturated hydrocarbdn group. The - J \ ^ ' 

"\ > .V . .. u^atoirated alkyl groups kay .be *mono- , or polyuhsatyfc^ t ed 

-and include both alkenyl arid alkynyl groups . SUjbh \. 
„ I groups may contain up to 4 0 carbon atoms; ? However , 

- alkyl groups containing up to 10 eg. 8°, more preferably 
' j lip to 6, a;id especially preferably up to 4 carbon atoms 
: are preferred.^ v ' U ' J ■ : " ^ "' ~- ' ' 

'• Particular mention may be made of ALA-mei Chyles ter, 
' AlA-fethylester^ AIA^prppylester , ALA-hexyiester r ALA- 

heptylester and . AlA-octylester and salts /thereof , Which 
represent preferred eoitipoundis of "the invention/ 
, The .cptnpoUnds of the invention , may be prepared *■ 
'/ using standard processes: arid procedures well -known in 
■ < the art for derivatizafion of multi- functional ; ; 

> . • compounds, and especially esterif icatxon. As known in ' , X 
? • V v , , • / 'the art, such esterif xcation of coinporads - riiliy involve^ • . 
: V- protection and deprdtection of appropriate groups such 

that only the required groups , remain active and take 
. -part in the reaction under the conditions of the . - • . * 7 - 
; y; ■ ersterif ication. Thus* for example the substituents of " J" 
substituted alkanols used to prepare the esters may be 
•V protected during ester if icat ion. S iini 1 ar ly-* th€* NRi 2 s< , 

group on. the compound Contributing this group to 
' v ' compounds of formula I may be protected during the * ; 

^ Reaction and deprotected thereafter . Such " ,«/ s 

. protect iori/djeprotect ion procedures are well known in the - 
^ > art for the. preparation of r derivatives, /and in . ' 

> \ particular, esters pf well known amino-acids, see for \\ 

example Mcomie : in "Protective Groups in Organic 

Chemistry" , plenum* 1573 and Greene in "Protective * > 

Groups in Organic Chemistry" f Wiley^Iritersciehce, 1901; " : " 

In c a further "aspect,/ the present invent ion thus V 
provides a process for; preparing the compounds of the 
■ invent ion > comprising forming an ejster of; the oarboxy \'A ■ 



: ' ',1 , 



group of a 5^aminol4viilitiic acid- ^ , 

v The invention can thiis be seen to provide a process 
for, ^repiring the compounds of . the invention, comprising 
T? ^re^ctingTa 5-aminolevuiinxc acid, ,or an esterifiable , 

defci^ktiV^ thereof , with an aikanol or an est^r- forming 
/ defjLvative - thereof . , ,■ •.> • 

S • More particularly , this, aspect of the invention 
provides a process for preparing' compounds of formula I>, ? 
> which process comprises at least one, of the following 

* . steps : ~~ " • 



(a) reacting a cornpound of formula 11 



•'■hi 



RlN-GH 2 COCT 2 -ck2C0-X : <H) 



{wherein X represents a leaving group/, for example a 
hydroxy 1 group, a halogen atom or alkbxy group or COX 
represents ah afeid anhydride group and is as 
hereinbefore defined) : ■ ' 

with a compound of formula .III 

(wherein R* is sis hereinbefore defined) ; and 

(b) converting a compound o$ formula I into a ^ 

pharmaceu t ical ly acceptable salt thereof., 

;The reaction of step la) may cpriveniehtly be .. 
/carried but in a solvent or mixture of solvents such as 

water, abetbi*e, diethylether, methylfbrmamide, 

tetrahydrofurari etc . at temperatures up to the- boiling 
, point of the mixture, .pref erably at ambient , ^ 

temperatures . ' ■ 

The conditions of the esterif icatio** reactions will 

depend of the alcohol used, and the conditions may be! 

chosen ; such that maximum yield of the/ ester: is obtained. 

Since the este'rif icatibn reactions are reversible . 



Li :• 
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" ' ^^feir, formed 4y.*-'^ypl^a£i- ^st^rification^ielsi^'ion by ^ . 

:; " • ^""W? 1 a Q azeotrope with water. Such -sol vents .'are '/J, •• '"^ -'" 

V'.'C, , s v- exempUfied byiarpmatic hycirpcarbons ,or others capable \ - " " " 
of forming azeotropes with water, e.g. some chlorinated 
' *; . hydrocarbons such as chloroform. /For the formation of 

. ^eylower' esters of S-i^LA efc^ili^UA^acti^^y. ' / 

: .^e^ driven to the ester side.- by using a large excess of : 



'■ ■J&P^&lcohhl , With; other esters ' fcneT ea^ii librium '.may be * 
^ iye ^ $$y*? da .^he .esfeer. product by using a large excess 
- ; of "the acid; ; 

" ^ Est'erif ication reactions are Well-known in tbe art 

. '* •- , ^^pie, as described by Saul Petal' in "Thp > 

> ■cbemistiy v -pf. the carboxylic. abids ariSesters-V (ch. 11, 



1 ^bonsauren-derivate*', p; 504 , vGeorg' Thieme Ve'rlag, •• 3* 
19§5) v ' The formation of derivatives of ..amind-Scids aire • 
., 3escribed>in Band Kl/2 qf the same series, (Houben Weyli 
/ . Z .Methoden der iPrganische Chem^e, Band. XI /2-, .\ < 

; •>Stickstof fverbindungeh" : , p. 269; , Qeorg jTbieme Verlag, 



; - The reaction "Will conveniently Be carried but in .'. 
' ; the presence of a catalyst, eg. aV inorganic' or' organic 

' acid or sin acid binding agent such as a .base . 

: > The compounds used as starting materials are known 

^ •• v - from .the : literature, and in 'many cases commercially * 

, \ * ■' available , or may be, obtained using methods known .per 

s& ' ; for example, ., is available .from S^gma or from 

PhotoCure / Oslo, Norway. / 

A* mentioned above, the compounds of the invention 
••' • may take the form of pharmaceutically acceptable salts. 
; . - , : .. *. ' Sucih salts preferably are acia addition salts with 

physiologically acceptable organic of inorganic acids 




' As 1 mentioned -above, the compounds of .the inventiori : ■ " ;\ 
: and their salts Save valuable pharmacological ' 1 < ' ' ' - ' - - _ 
r properties , namely a photosensitizing agent which ., ■ . ^ - \ -J- 
- renders 'thim useful as photpchemo therapeutic agents. v r : 
' , Like ALA, the compounds exert their effects, by 
" e:nhahcing^«Wction; pf ; Pp r J ui>pn delivery to the ..desired . - 

site of Action hydrolytic enzymes such as esterases - ■ , 
' . . present ' Inline target : cells >break d owft the esters jinto ' /• 'J 
: ,. the parent ALA , which then enters the haem synthesis , , ; , • • 
' pathway and Pleads to a .build-up-/pf ; ?HpWeve^|^ . V . yj^l 




'-w qdtnp^xed "with ALA; the penetration , is be 
' ' faster... 1 This is an important advantage, 

V topical "admiriistrat ion. Secondly, the esters 
,> -.; surprisingly been found to be better enhancers of Pp 
* S production than .ALA; < Pp" production . levels f ollowing: 

' ^ " - administration of ' the ALA esters are higher 'than with 
.... X ALA alone'. J Thirdly, the compounds • of t^ie .invention 

•', , demonstrate Improved; selectivity for the target ; .tissue . 
to be treated, namely the: Pp product ion- enhancing .effect 
* l is localised to the. desired target^ lesion and doles not 

spread tb' the surrounding tissues: " This is especially \ 
\ " evident- with tumours. Finally, the ;*iovel compounds, > 

5 • - • appear to" localise better to . the target .tissue upon , 

administration . This • is especially important f or . 
* 1 systemic application, since it means that undesirable , 

photosensitization effects , aa reported in the 
' literature for other porphyrin-based photo sensitizer a, * 

may be reduced or avoided, . - 

A further aspect :of the present invention . / 





, or a : 



Ly acceptable salt: thereof, .together with 




acceptable sa'li: ^thereof , for the 
^ . P^epaLration of; a thera^utic a^ent fox use in 

P^pfcochemptherapy, and especially, fbx the treatment of 
- disorders or ahnortnal^ties of externa 1 ! oV internal 
. ^ - surfaces of thel body which to Responsive to ":r^- v, v . 

: = ' i } r> ^' ; v : abnormalities 'and disorders which- - may; be i s , 

treated according to the. present^invention include any 

pre-malignant aiid, non-malignaiit abnormalities 



or... 
or at 



^skin, ^rasibn^knd^ 6ther . dis^asWS^or ' 



>'V ••- ' . ; . actinic ^keratoses > 

.'/V ■ infections eg.; -bacterial, viral or _ _ 

|pr example Herpes, virtis infections. *he invention^ 
particularly suited to the treatment of diseases/ J ' 
or abnormalities where discrete lesions are 
to, which I he compositipns may be directly a PPi 
'v" .' v ( lesions is used here in a broad sense : to include , ;'.V 
'A ■' . ?v. , tumours and the like). - : ^ 

■ ■ > The ^^^^m : -'^^^mmm^^ 4&±c£ may 

he treated according to the invention include the1|j&n| 
and ; othe?r epithelial ancl serosal surfaces, xncl"%i- 
£o * ^cample mucosa > .the linings , 0? organs eg . the 



■ &c ■ 



gastrp- intestinal and geiii to -urinary 
tracts, and glands with ducts, which empty onto such . 
surfaces (e.g. live*;, hair fjbliicles with sebaceous 
glands, ^mammary, glands,, salivary glands and seminal 
vesicles:) . Jn addition to the. skin, such surfaces : 
include for example the lining of the vagina; the 

a P a the Urothelium.. , Such surfaces may also 
■ . cayities^.formed' ih the body following excision 



" • '»" : 





* v WO 96/28412 ' ^ ......... ^X*^^ 

of " diseased or canGefous tissue fegp. brain cavities 



foilbwing the excision of tumours such as gliomas, 
Exenplary ^urfac^s thus include: (i) skin arid 
oonj unctiva; (ix) the lining of ; the mouth, pharynx/ 
^ oesophagus/ stomach, .intestines and intestiriaJL - 
appendages, rectum, and anal canal; {iiij the lining of 
the nasal passages, nasal sinuses., nasopharynx, trachea,. 
:. bronchi; and bronchic>les>* (iv) the lining of :the 
Ureters, urinary ^bladder, and urethra; (vj the lining of 
^ the vagina, uterine cervix, and utefus.; (vi) the 

parietal atid visceral . pleura ; (vii) the y lining of the 
peritoneal and pelvic cavities, and the surface of the - 
organs qontairied wit:hin v those cavities,; (viii) the dura, 
mater and meniii^s; (ix) any tumors in Solid tissues. 
... that can be'made accessible to photoactivating light 
e.g. either directly, at time of surgery/ or via an 
optical* fibre inserted through a nee.dle : . 

The.: cqrapositiqhs of the invent ion may be fprmulated 
in convent xorial manner with one or more physiologically 
- Acceptable carriers pr excipierits;,' according to 
: techniques: well known in the art . Compositions, may be 
^aLdmin^ Topical 
compositions are preferred, and include gels, creams,. .. 
oiiitmehts , sprays lotions , salves , sticks, soaps , 
pbwdersv pessaries, aerosols , drops and any of the other 
conventional pharmaceutical forms in the art . 

Ointments and creams may, f or eixantple > be 
formulated with an ■ acjueous or oily base with the 
additions of suitable thickening and/or gelling agents . 
IiOtions may be formulated. witK an aqkedus or pily base 
and willi in general, also contain orie or more , 
• emulsifying,^ dispersing,. . suspending^ thickening or, 

colouring- agents - Powders may be formed with the aid of 
any suitable powder base. Drops may be ^o^mulated with 
an aqueous or ndn- aqueous -base also comprising one or 
more dispersing > solubilising or suspending agents . 
Aerosol sprays are conveniently delivered from : - " 




=••( 



or intrayenpus injection. .... : , 
pharmaceutical forms' thus include; plain .or coated 
tablets, papsVles, suspensions and solutions containing 
... the active, component optionally : together with one or . 
more inert conventional carriers and/Sr diluents/ e.g" : 
.with cornstarch, lactose, sucrose, microorystalline - ^ 
oel3.ulos e , • magnesium stearate ; polyylhy^yrrpildbhe , 



"■ /: •-. . <:>■■ Ci , t ^ ? ^ id ' ~ tartaric, acid, water,- Water/ethahol, 
•I;;,, : water/glyceirol, water /sorbitol > water/ 



eneglycpl, 



■ >vv« / ?^ icym ^M 1< r^ 1 ?^ ^ ^^^^^^ ^ ^: h^r^ • ■ 

fator : suitable mixtures thereof. • *.>. , '. / = f ., 

' ' ;: f ? ^ concentration of the propounds of the invention " ^> 
< ; in-the eompositions, depends upon tfie n atur6 of the '^"' V 

- J ' ; . , compound, the-cpmpositipn, , mode of administration and } 

V - the patient and mav ^e varied or adjusted according to * ' 
' - ; Ch ° 1Ce -, Generally however, concentration .ranges of "i to - 
... 50% : .,(w/w) are suitable. For therapeutic applications' V 
•, r y..^': . ^?entrabipn ranges of lb to 5Q% have .been fpund to be 1 ' 

■ suitable,, eg. 15 to 3 0* (w/w) . v . .. - v '"' . : n • 

" , V V'-.. V ' 5,91 > p ^ ijl 5 administration to the surface, the ! area «■ " ""• ' >° 

..^treated e *P°sed to light to „aefaieVe\ the photo-' 
X- . *t\ cft ^Ptherapeut A c effect. >. The length of time following 

h - * ' de ? end on the nature -of the composition and the ! 

■■ +«-rn of ^ministration. , This can generally be ±j£ the' 5 

The irradisMnif * ;_^._.t. t _ ■.*•> . - ' ■ '* . ,~ 



■r 



• . order 




at; a 

r The wavelength of light usect for irradiation may be 
selected to achieve a more ef f icacepus photochemo- 




However, by selecting a broad range of Wavelengths foir • 
• , : '> s irradiation , \ extending beypnd the absorption maximum of; ' 

■ < the porphyrin, the Ehotosensiti^ing effect may be , 

{ \. : enhanced ; Whilst not ^shirig^ to be 'bo&ttl? by theory, 

/ this is thought to be due to the> f act that wheji, Pp, : and 

v ' ; i ;'V- , other porphyrins; are exposed to ,light having v. . . 

\ ; wavelengths' within^ its 'absorption 'spectirumV it is ' I $ : r \ 
i. ' degraded into various photo -products including in "*'"V. 

pa.rticular photoprbtppprphyrin {PPp) , PPp is .a , chloriii "hS. 
and has a considerable photo-sensitiz.ing;ef feet ; - its ,' J% 
• abs^i^fcipii spectrur^ longer wairolragiths ' " 

beyond the .wWelengths! at which" Pp absorbs ie. ,up to" ' - 

> almost; TOO nni (Pp absorbs-, almost no light ' above ' je SO nm) I 
Tt^is %n ^onveritrbnalv jihotochkmother^pyv they wavelengths 
.used do ^riot; excite PPp and hence 'do not obtain gth<s ,*■ 
benefit of its additional photosensit izing, effect . , 
v - iCTadi a t ion ]wi t h wavelengths of light in Ithe range 500- 

7 00 -nm! has: been found to be^ particularly effective. tt ' 
■ rjis pai-|:icula±:ly important to include the waveiengthsJ^3 0 

^^00"^^,] v ■■-■V; f ;'. - : v /r"" - *""^ 

; : .. ;< ^A further aspect of the Invention thus -provides a > 
method of jphot ochembther:ape£it i C tzreakment of disorders 
or abnormal i ties, of ^xterrial or internal .surfaces *ibf £Jie 
, body, ^comprising administering : to th,e af fiected ^urj^^ces^ 
a s comppsitipn as. hereinbef ore def infed, and exposing daid 
Surfaces ,to light, preferably to light in the Wavelength 
region 300-800 nm, for example 500-700 nm. - 

?: Methods for xrradiatioh of different areas of the 
Jbpdy,. eg. by lamps or lasers are well known in the art \ 
; f see f bi? exampl^ den Bergh; '-'"Chemi^txy'- in Britai'h,; ' \ : ' 

1^86: p. 430r-43^) ;; ' /• ' - . A y ; 



. '•• - / .' the invention may be |1^^^^^M 3 < * ? - 

• ; and/or administered .with ot^er ^& S ensit iS?^^ .: 

; V ^example ALA or photof rin x /or^i^^^r^i^^^C v , 

. r VHOlfetfl For example? plating ^agents may benef icllll|r \ " - -' - 

: be included, in order to enhance accumulation of j» p/ Vhf ; ' - 

' . .. % i; , . chelation -of iron by the chelating ageiits prevents 'its ' 
incorporation into Pp to form haera "by the action of the 
v enzi ^ e ferrochelatase; thereby leading to a build-up of 
' . : The photosensitizing effect is- thus. 



Aminopolycarboxylic acid chelating agents- are v •"" 
( - ';*■,-'' », Pa^^cularly suitable for use W this regardi including 
. an Y tbe chelants described in the literature f or V 
/• ' . . metal detoxification or for the chelation of 

paramagnetic metal ions in: magnetic -resonance imaging 
, - .- ' contrast: agents. /Particular mention may be made of 

• • - EDTA ' CDTA (cyclohexane diamine tetraacetic acid) , BTPA 

r if. and DOTA EDTA *is. preferred. Tb achieve the- iron- 

- ■: Ghela ting effect , desferoxamine and other siderophores 
,. . may also be used, e.g. ih conjunction- with * . '< j >'- ; 

; aminopolycarboxylie acid chelating agents such .as EDTA. ' 

. ' " = '. f 'j T b e . chelating agent may convehlefttly^be used at ■ a 

concentration of 1 to 20;% eg.. 2 to 10% (w/w)f ! - : - 

• - *, V Additionally, it has been found - that - -s uBf abi- ; f / - 

• f' ;, ,S£pyjil¥SiiS^^ 

dialkylsuphoxides Such as dimethyl sulphoxide fDWSO) may 
, > ' bave a beneficial effect ih enhancing the 

v ... v Pbotochemotherapeutic effect. This is described in 
■ \ detail, in our co-pending application No. P.CT/GB94/01951 , 1 

a copy of the specification bf which is appended' hereto' ■ 
V V- The, surface-penetration assisting agent may be any 

, cf the skin-penetration assisting agents described in , 

; the. pharmaceutical 'Mtwiture e,j/ --1Q1 ' (availaKl* ■ ; 
. : from Hisamitsu) , SWISS and other di alky 1 sulphoxide s, in , 

' Particular n-decylmethyl^sulphoxide (NDMS) ., 

dimethylsulphacetamide > dimethylfortnamide (DMFA) ,• ? • 
: di«?fthyladetamide/.glycols , > various pytrolidone ' 



f..'.-'?;'-' ,: .. 
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v "'derivatives (Woodford £b*al-, J> Toxicol. : Chit . & Ocular 

Toxidqiogry,; 1986/ £: 167^177} ,. and Azone® ^ (Stoughton si 
? * al ^ Dmig Dpv. Ind/ v Pharm. ; 1S83 , 
>* mixtures thereof . • - 

' DMSO however has a number of beneficial ef f ect-s and 
v is ^tirongly preferred- "thus, in addition to the 

surf ace - pfene t rat ion ass i sting effect (DMSO is : ; 
-particularly effective .in enhancing the depth of 
penetration; of the active agent into the tissue)., DMSO 
: has antihistamine arid ant i - inf lamma t dry activities In . 

addi-tiOn : / DMSO has been found to increase the activity - 
of the enzymes ALA- s^thase and MiA-dehydfqgenase (the , : e 

; enzymes which,- respect iveJLy/ form and gondense ALA to , . 

porphobilinogen) thereby enhancing the formation of the,. 
* ' active f orm, - Pp- . - v - • " v 

' : The surface • penetration agent: may conveniently be. h 

provided in a concentration range of 2 to 50% (W/w) , eg 
Y" " * 'about io% (w/w) * •• : ? % V ; ; 'Y 

According to the condition being treated/ and the - " , : 

r^t.w^.a^ the comr>osifcion, the ^onvpouniis^f '^EHW^ , ' - * 



nature of the composition--/ the^om|: 
invention may be. ep^admiiiistered^^ other ■& 

•they^fitay fee. administered sequentially or separately . 
indeed; * in flkny cases a particularly ^eiief icial 
photochemotherapeutic effect may be obtained by pire : ^ 
treatment with the surf ace -penetration assisting /agent 
in a separate step> prior to administration 6f the s - ■ 
compounds of the invent ion. Furthermore/ in some 
situations a pre- treatment with the surf ace -perie t rat ion ; 
assisting .agent/ follbwed by administratiQn of the : 
photochembtherapeutic agent in cpii^unetign With the 
surface-penetration assisting acjent may be" beneficial . 
When a surf ace^ penetration assisting agent is used in 
pre •treatment this may be used at high concentrations, 
e.g. up to 100% (w/w). If such a pre - treatjmdnt step is, 
employed; the photochemotherapeutic agent may 
subsequently be administered up to several hoiirs 
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ipl lowing pre -treatment eg. at an infceryaj of By GO 
minutes following: pre- treatment . . *. 

v = Viewed from a further aspect,,; the invention thiis 
provides a pxroduct comprising a compound of the 
/ invention ^or, a phaxniaceutically acceptable salt; t^efcec^f/ 
/: ; surface-peiietration jassisting, 

agent f and optionally one or more chela fcxiig. agents as a" 
. confined preparation for simultaneous, separate or 

. sequential use in treating disorderfi 1 or abnormaiities of . 
external, or internal surfaces of the body y/hich are , 
V ' « responsive to photochemo therapy . t >■ -f i 

( Alternatively viewed, this aspect of the invention 

> also, provides a kit for use in phot oqhemo therapy: of 

* disorders or abnormalities of external or internal „ " 
^surf aces, of the body comprising: 

a) a first container containing a compound : of the 

* r invention or at pharfaceutiqaliy^ acceptable salt v m 
■ thereof, ":l " , r . ■ 

b) a second container containing at least ohe surface 
penetration assisting agent; arid optionally 

c) -U one or more ^te.laiDing agents contained either 
: , Withiix ^said first cqiitainer of in a third .... " 

. container : , • > ' ;• ; '•• 

.Where the surface penetration agent is applied in a . << ;* ■ 
separate pre -treatment step; it may be applied in higher , \ 
concent rati oil t for exaniple up to ioplr Cw/w), . : : , 

^ ^ It will be appreciated th^t the method of therapy 
xlsiitfj compounds of the invention inevitably involves the r 
f luorescence of the disorder or abnormality to* be 
treated* Whilst; the .. intensity/ of this fluorescence may 
be used to eliminate abnormal cells, the < localization of 
the fluorescence Aay be .;used to viisiialize £he sijze, . ; 
ektent. ;and situation of ^the ^ab,noi^iit^^or: disorder^ 
; This is Wade possible through tixe ^utprising:. ability, of 



' '•-*:'- '- ' 
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~' _• ALA .esters to preferentially Localize to •non-normal 



A The abriprrfiality or disorder thus: identified or 
confirmed at the site of: iixves t xga tion may then- be 
v treated through aitearnative therapeutic Vtec^iqiies e.g. 
surgical or chemical treatment/ or by the method- of 
therapy of the invention by continued build up of 
; : fluorescence, or through further application of compounds 
- of the invention at the appropriate site. It will be 

appreciated t?hat : diagnostiQ techniques may reqttire^lpwer 
\ levels of fluorescence for : visualization 7 than used in 
\ therapeutic treatments^ Thus/ generally, Concentration 
ranges; of l to 50% evg. i-5% c(w/w)' are: suitable. Sates, 
- .methods and modes of administration have "been considered 

before with regard to the therapeutic Uses and aire 
v applicable also to diagnostic uses described here . The 
compounds of the invention may also ,be. used for in vit-rg 
diagnps^ic techniques V Cor example fo^^l^aiiihatioh of 
the cells contained in body fluids. The highex* 
flubresence^ asibdaat^d with nqn-norraai tissue may ^ 
conveniently be indicative of an iSnp^Uty or ^ 
disorder. - This method is highly sensitive arid may be V 
u^sed for early detection of abnormalities or disorders, : , 
for example^ bladder, 6r lung c^ircihoina by examination of 
• the epithelial cells: in urifte or sputum samples/ 

respectively. Other usef ul; body fluids which may be 
used for diagnosis in addition to ixrine and sputum v 
■; include blood, sfcfiien, tears, spinal fluid etc: , Tissue 

sample^, or preparation^ may also be evaluated, for 
4 example biopsy tissue or bone mairrow samples* The 
V f . present invention thus extends to the usk of compounds , 
of the invention, or salts thereof for diagnosis v 
according tp the aforementioned methods for 
phqtbchemo therapy, ajid products and kits, f.br performing 
said diagnosis. - ■ f ,. 
A further aspect of the invention r;elktejS to a 
/ method ,pf in Yltm diagnosis , of 'abnormalities or 



disorders by Assaying a sample of body fluid or ti^ue f 
, of a patient , said method comprising at least the 
foil owing, steps ; • 

admixing sa;id body flAiid or tissue with a 
- , . compound as described ;h§reinbefpre v 

4;i) exposing said mixture -to light ,, . 
iiij ascertaining the level of flubresce'nc^, 'and ' 
iv) comparing the level pf fluorescence to, control 
i : levels. . > .- r 

The invention will now be described in ftiore detail- 
in the following non-limiting Examples, with reference f 
: : to the drawings in which; , . .. 

: F ii CTure 1 : show? fluorescence intensity (relative units vs 
wavelength (jim) ) of PplX in the normal skin of mice 
after £opxcal administratibn' of - 

I i (A) • f*ee ALA ;"V% * /. \ - .. 

. :(B> ALA: xfethyl^ster / ; i : , ■/ ■ >,, 

' \ : < (C) ALA ethyleatet , 4 * ' ^ 

(B) ALA propylest^r . < 

.^T after Q/5, 1, 1,5., 2.5, 3> ,3\5 and 14 .hours following 
administration;' * .'• 



Flqtirf ? shows the distribution of PpIX as measured by 
fluorescence intensity (relative units vs wavelength 
(nth) ) m Brain, dermis, ' Ear, Liver and muscle 14 hours 
after topical administration to the normal skin of: mice. 



: i : (A) ...„. r 

> : (B) ALA methylester 

(O : ALA ethyl ester ' . ■* ■- 

(P) ALA propylester; 4 • 

Ficrure 13 shows Pptx fluorescence . (fluorescence intesity, 
relative units, vs: wave length (ran) ) in the skin bf mice 
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*■ 15 minutes, 1 hour,* 4 hours and 10 hours after 
1 intraperitoneal injepticta. of ALA methylester (l-5t) 
nig/kg) * " - - / : / * 

Figure 4 shows PplX f lucre s pence (fluorescence intensity 
relative units vs wavelength (nm) ) (A) 1 .5 hours and (B) 
v 4 hours after topicial a dnyi n i £ t ra t ion q£ ALA irifebhy'lester, 
to basal cell carcinoma (BCC) lesipns on the skin, of 
human patients f-^ tumour; normal skin) ; 



'Figure 5 1 shows PplX fluorescence (fluorescence intensity 
; i'elatiVfe units vs Vaveiength ihn>)i (A) 1 . 5- hours and (B) 
4 Hours ' after topical administration . of ALA ethylester 
to basal cell carcinoma' (BCC) lesions on the skin of 
... / human patient is f- tumour; ■ nonpal skin) ; , 

Figure 6 shows PplX fluorescence (fluorescence intensity 
s restive units vs wavelength (nm) ) (A) 1.5 hours arid (B) - ■ : 
c 4 hours after topical administration of ALA propyl ester 
to basal, cell carcinoma (BCC) lesions on the skin of 
human ipatients ( - tumour / — \ normal skin);-, .,- 

Figure 7 shows PplX fluorescence (£iuOfescence intensity , 
relative units ys wavelength ( nm) ) (A) 1 . 5 'hours and (B) 
4 hours after topical administration of ALA to basal 
cell car inoma (BCC) lesions on: the skin of human 
, jpa t ient s ( - - tumour ; normal skin) ; ^ 

Figure -8 shows measurement of PplX production , following 
topical application of ALA niethylester in: human BCC and / 
: surrounding normal skin by CDD microscopy of biopsies 
(A) o graphical represent at ioh showing fluorescence 
intensity vs. depth (fim) and (BK micrograph; . : 

Figure 9 shows measurement of PplX production following 
topical application of ALA in humari BCG and svir^founding 



:> 





*i $j v, ^ " ixormkl Skijr by GDD ini crojscoi>y Jp.f bi^sies (A) graphic 
• y l \., ■ ■ .. ' • v pre.pra s ent| at i 6n> showing fluorescence int 
* [ *u A (/un)'and (B) micrograph;. t / ' * ; c : 



1 1 ? -fluorescence ^{f^orelscene^; 1 .C'V 

intensity" relative units vs * wavelength " (hm) ) 24 hours ' '>.. 
following topical administration of A£A methylester to- 
BCC lesion ^nd to normal skin - of human patients a - 

Fi-mrr*. i ^ shows PpIX fluorescence (fluorescence 7* ^ , 

V ■ i units vs wavelengrtrh (nip)) 24 iiburs 

A " ~* '' > v . of ALA to BCG lesion 

, >\and to normal skili Qf ; human patients, -• . 



;-\ £t3tiX£ T 2 -f^^^g measurement of Pp IX production 4.5 hours 

• ..v..-;- s ^ ; following topical ^application of methyles^er in : 

: ; representation shoeing f iuorescende";^ ; 



v : - W^nl iffi micrograph; . /- : .« 



Fiorur-R 1 ^ shows measurement of PpIX production 4 V5 hours- 
% following tgpical application of ALA ^methyl ester in / 

-\ human normal skinVby CDD microscopy of biopsies (A) " V,> 

; V - gx-aphidai v representation s hpwi ng <*£ lupr es cenc e intensity- 1 

vs depth (/im) and (B) micprdgraph; * ■ - \ . > , ' 

Ficruyp 1 4 shows measurement of PpIX production 24 hours " 
^ . following topical ^application of ALA methylester in 

7*. " humarv BCC by CDD microscopy p.f biopsies (A) graphical 

representation showing fluorescence intensity vs (depth 
and IB) micrograph; r 



£igura IS shows : measurement o f PpIX product ion. 2A hour s 
following - topical application of ALA methylester in 
human, nbrmsL^t skin by CDD microscopy of biopsies (A) 
graphical representation showing fluorescence intensity 
Vs* <Jejit-h^:' Cfim) ah<i (b) :iriicrogiriaph; . ^ 




1 representation showing fluo^escenfce -intensity ys depth iV \ 
' . ^ : ifxm) .and (B) micrograph; ~ *J / > / * - - :Y / 

" . v Figure 17 shows measurjement of PpIX p^b^Uctxon 24 hours 

■ * : following topical application of free ALAin human 

, • ^prmal skin by CDD microscopy of biopsies (A) : graphical 
■ representation sliowiag fiUprescence intensity vs. depth «r - 
; V t^nil^and (B) ^icrogr^iph; \ ■■ % V ■ v «',,'- \- ' /-;^.v.-> ; * ^ 

- -v ' : , $iWe 18 shows . measurement of PpXX> production 4 ; 5 tjoiirs " : 

> following topical Application of* free ALA ana 2 : 0% T)ksp / 

ih humari. BCG by CDD >icroscopy Of biopsies (AH graphical J <c ; 
Representation showing f luoresceriCe intensity vs depth * >- 

- and "(B) * 'micrograph;' ; , * v ^ 

,V ' figure -19> : shows measurement of PpIX- production. 4 . 5 hours % ~ /;*. 
r ' ^ following topical application of free ALA. and 20% DMSO ;.• " ; 

• i& human nbrmkl skin by GDD microscopy^ of biopsies (A> 
x " - graphical representation showing fluorescence; intensity 

: ivs depth >( Tim) Jahd (Bj ^micarpgraph ;, > , 

\ \ ■ - . : ^Ficni^fe^o: shows a time r COU?se ; (f luore^cenee intensity - ' . 

• ' relative Units . vs time (h6urs) ) of ALA methylest^r- ^ ^ 

... - ^ induced (PpIX) fluorescence in the mouse skin .aff-ter " [ * 

* ■. topical application Of ALA methylester- alone -J, ALA - . . 

methyiester plus : DMSP C-*rV, ALA raethyiester plus ^ 1 ^' : J{\ff 
/ : v , t ,. desferoxamine (DF> (j-); .or -MA ^^leste?' plus PF /.y 
and' DMSO . Each point is the- mean of measurements 

: % from :at least three mice; 



Figure 21 shows f liiorescenpe photographs Of the mOttse. 
; skin fcaken l h -after topical application Of free : ALA : 
alone (A) ; ALA tnethylester (B J , ALA ethylester /c) and 
ALA propylester- (P) , showing fluorescence in the^ ,! 1 , 



epidermis ; (Ep) ^ epithelial hair follicles^- andp^ebaceous : 
.t', gland (arrows), but mpt ; iii the dermis ^(Dejr. Original 

- ; fnagnif ication x250 ; ■• v r./^:^v;';* " " *■■-,'>■■■;■>'■■ ^ •• 

V * ;• ;* Figure 22 -is a grapii "showing Relative ;tur^r Volume \ ^ j " 

, against time (days) f allowing ; treafctneri -Tv**'. 
: colonic carcinoma transplanted stihcutaneously into, nude , 
mice, w^itii AlA oit ALA me thylester: plus DF; ( -*-) control; 

DF alone; (-■-) ALA + DF + DMSO,- (-•-) ALA " - : J ^ ' 
me thylester +. £>F + DMSO . - - ^ 

^ > ^Figure 23 shows PpIX Vfluoresence ratios .between SCO 

/ ' 'lesiQns arid surrounding normal skin after topical ^ 

Lication of ALA .Or its esters/ ' - 
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Vv v v -Example i: : . • " ' •- : - 

Preparation nf m e fcft vl 5 - amino levu 1 i na t e ^dro^lor^de " 

To \sl : 500 ml glass reactor^ containing 2 00 ml methanol, v 
was % added lg 5 - amino- . levulinic acid hydrochlori de arid 'aK ^: 
drop cone, HCl The reaction mixture, was then stirred >t 
.. overnight f at 60^C. The progress of the esterif ication^- 

} , was, f ollowed' by \ X H-NMR. Excess methanol was removed by « 

Y ■ : ^stilla^ dried under vacuum 



\3 



at 3.Q*-4.0°C> giving methyl 5 -aminolevulinate 
hydrochloride . Tt^e structure vtfk confirmed by U H-NMR in 



Preparations of ethvl s;amir|olevulinate hydrochloride 
/ALA ethylegterV > % / - 

lg S-aitiindlevulinio acid hydrochloride, was added to 2 00 
ml dry eth^tnol cohtaining 1-2 drops cbnp. hydrocjiloric 
acid in' a 250 ml glass reactor equipped with cL stirrer .,. 
refito condenser and a thermometer. ; The esterif icatioii 
was performed at refliix overnight (70-B0^C)'. After tfre 





hy^b^chlpride . Conf irmafc ion of the Structure \s/as v ddjie •'. '•■■ : NV"-? t 



Preparation of rworopvl 5 -aminolevul mate hvamphih'ri^ 



; 0.5g \.-5 -anvinolevul .inic acid hydr ochl or i de was dissolved V . " 
; - in.,100 ml dry n-propanol containing 1-2 drops of cone' ^ 
hydro phipride xnya. 25Q ml glass reactor eqoiipped y/xth a " y 
5t?irrg?; ref lux condenser arid % thei^Qiribteru The " " t 
reaction mixture was starred ait 7048O?C for approx^ 2j0 
• ^ ^ hours After all the 5 -Aminolevulinic ; / 

"• ^/ ^converted to it^ft^ro^^ . 'i;^'- 

y <: " excess . propanp 1 was removed, and the ptoducfe ^ driid Under \ 
^ The reaction Wave 

>0 ; /49g .propyl * 5 -am ^nqlevuiixlate hydr ochl bride , The 
structure w^s "confirmed by in DMSO-d/. v.: 1 



Exahml^ 4 



Preparat i on of ri-hexvl 5 ^aminol evti I in i c < -h&A+nnhlpr-l&eL. . % ,. / 

2 grams of aminolevul inic acid hydrochloride was J ': * , A 
, dissolved in: 25 grants pf dry n-hexanol with 5-6 drops of • 
conp :^ faydtt^chloride added ±ii a 50 ml "glass \,ireact^r :i ^ V \ 
\ equipped wit& a f eflux condenser land a thermometer. The \ 
. ireactjioh mixture was held at 50-6 0 tt C f or : approx . 3 ;d2lys . 
The excess n-hexanol was removed under vacuum and the 
product finally dried under high vacuum, giving 2^4 
grams or n-hexyl 5-aminolevulinate hydrpchloatide * The 
structiura was c6nf irmed fey *H-NMR spectroscopy in DMSO- 
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r * ^ .O^-Sg^S-amiholevxilin^ acid hydrochloride .was added ;to„30 
<: gratns of ri-hep^anoi cpriE^niiig S ; dropa' bf ...cone . V: -/ 1 /: - / 
hydrbcl>ioricie in ft ,1.00 ml glass reactor equipped with a ■* 
* stirrer, reflux ' condenser and' a 1 1 hermotne t er ^ After ail 

* . the t 5-aminoievulinic acid had dissolved, the reaction. V 
" ^ ••- mixture was stirred at, 70^0*0 f or a^ptox. 4 8 -hours .. 

After the. S-^inolevuiinie acid w^s converted to ifcV ii- ^ : 
i K . ' '\ . h^ptyl ester : (^IpDwed by -^H-NMR) / the; expe^s^ alcohpl %ta$f / v 

- V : removed fy and the jprpduct ^ hig^ yafcuiim (< 1 

mBar) sit 70^5: fhe r^aqtipn gave, 1 , 5g n^heptyl 5- 
- aminol^yulinate hydrochloride . The st^dtiare^ was 
Confirmed by x Hr-NMR in /DMSO-d 6 , 

^ . • Prepar^t; ion of n -octvl s^a^^noifiVTiiini^ hvdroc^i^i ^ V>A 



1 gram 5-amihole^hili^i^ acid hydrochloride was added to 
30 grams of dry. n- o4 tanol containing 5-6, dirdps of - :Conc - v ' ' 
A hy4r6chloridfe :iii V 50 ml glass" reatctor equipped with W 



■I-- *x : 



\ y ■'" reflux condenser, stirrer and a. th^rmc>m^etei-. The " 

-reaction mixture was stirred at 65-70 °C for, approve. -2 
- ' • • ... days < Excess ix-octanol was removed; under vacuum ^nd the 

"p*qd^c£ finally (iried linder higrh -vacuum/ giving 1.5 v 
grams of n-octyl S-aminbllevulinate \hyd^pchl"b^ide Mie ■ 
sttructure v^-fe- confirmed by X H-OT4R spectroscopy in DMSO- 
•' dg'-j: .< 'V * ;v^;"v./: : i '" ]> ' " : : : . V . : - ;' : :; V^. - ■ 

y. Fdiiiiuiation • ■ ' '■■ " ? • ' , ^ -\ : '- ; : : V." 

20% 'creams were prepared by admixture : of the active 
; component/ ALA, ALA methylester , : AliA ethylester, or ALA 



Ly) , yi^ ^U^ cream base • 




:;;(.a :;; : 

mixture "pf P^^nt fatty acids) ; p6lypropyleneaiycb^^ arid 
" J Water. ~ •'• . :. 



ponding creams ,were aldo 
containing 3 -2:0% DMSO. > 



Skin of mice bv- CCD micFQfec^v^f * s . 



; -.-. A commercial oil-iri-watei: cream containing ; (?0%^ w/t^> one ' 
,-of the jshemiCals (free ALA, ALA . raethylester, ' ALA ; 
'ethylester ; and ALA prppylester) : -(see. Example 1) ^Was * r ^ 
\ :;• . > topica s llv; -applied to the normal skin of nu/nu nuap m-i 



_ ^ 1 • .topica'lly 'applied : to the normal skin of mi/nu nude mice 
N ' foar.^0;.\5, a, 3, arid 6 hours/ then biopsied and evaluated 
" by means , of microscopic fluorescence photometry I \ ■ 

.{ 2 v incorporating a light -aen&itive t hermol - electrically 
^ y cooled charge coupled devi c e ( G£D) ^coimesra , The 'results 

" l show that,*: free .ALA knd its three est^i^erivatives are 

J :. . , ta&en' up by tbe skin tissiie f the^e^erif i.ed ALA r , ' •' 

de3ri^a1~-T\r<=kfli a -r~e* hit* inn rlaaot «a>^ -j^-j t he skill , aild " " 



7 t y 



are. 

converted anto. prbtpporphyrin IX (PpIX) 0.5 hours after 
. .topical Application. v The f luorescence intensity of PpIX 
an the skin increased with the time of tiie application 
and the maximum ^atndtints of the' fluorescence were seen > 
about 6\ hour is ; (the latest time point studied) after the ; \ 
xxi all cases. 8fi .„ s '- ' 



/ Measurements in -situ of protopornWin XX pradtifltion iW 
the ffkin x of mice bv an opticaUf iber based .»ytttv«»irt 



mm 



V-.: ' :'••>•. > ■ . C- ' V • ' \>< v'**'- 1 '/, . *;r,*-"i ' 

The aim of thi£ !study was to investigate "the build-up of 
: : : est^rified ALA : .e s te^- induced , pdrphyiriiis fluorescence in 
■V* : - ! - ! : the normal • skiri of nude mice in vivo af teir topical; or 

~< systemic administration of ALA ester derivatives, 

y Chemical fi > .. SraminoieyHylinic acid : (ALA) methyl r ^/ ..ethyi- : 
and propyl --esteris (H 2 N-^ 2 C00CH 2r CS 2 C6O-R. ; R can be CHj/ 
■V=. CH ? ^ GH 2 - €H 3 ) / were prepared by .^pisk ;Hydrd; 'Re^earcfc : Center ■ ' 

(Porsgrunn, Norway) as described in Examples 1 to 3 . 
Free ALA hydrochloride and desf err i examine mesylate (DF): 
: . : ; . l - wfere'^rchaaied from Sigma dhemical Cbmpariy (St i, Louis,- 

, M6 > U $ A ) • ' Dimethyl sulphoxide; ,(DMSO) was obtained from ■ ', ' 

• 5 ., Jaiisaen Ghi^mica /Geel, Belgium) : - : Cpmmerciai oil -Water * 

.^f® (imgu^ivtum M^rck, Darmstadt, Germany) containing 
=• 20 * one pf the ALA ester derivatives (w/w) , 20% free 
ALA, 20%" ALA methyle v ster plus 5% DF, 20% ALA methylester 
-\ : plus 20% DMSO, or 20% ALA methylester plus 5% DF and 20% 
: -DI^SO Were: ire shly \ prepared pribr tp .use. All creams \ 
were made by the; Pharmaqy at the- Norwegian radium 
'.Hospital..- For; intraperitoneal \4^ecti.dnJ- , AliA : arid its = 
* . methylester were freshly dissolved in saline. All other ; " 

; . chemicals' used, were "£f the highest : purity commercially ; \ 



auimal^ , ; Female. ?4lb/c nu/nu athymic hiide : mice were 
obtained from the Animal Laboratory at the Norwegian 
Radium Hospital and kept tinder specif ic^pathpgen- free 
conditions. At the start p£ the- experiments the mice 
Were 6- 7 weeks old weighing ' 18 T 24 g. Three mice were 
housed per cage with autoclaved covers in a dark robrn 
during the experiments r ■ > 

. Treatment T>r0Cftd1irft . '-. One of the creams was painted on 
pt&. normal skfn at right flank regibh of each mduse> and 
covered by, a ke.mi -permeable dressing {3M, \ St Paul., MN r 



'•'4^^); : "*-°*v various- time intervals .{from 0125 to 24 h> 
■; -before fluorescence measurements iix situ ; of being 

;* ^ippsied for microscopic fl^ 

a.2g cream was applied to an approximate 2,25 cm 2 area of 
th$ skin. In. the case of i. p. injection the mice; Were 
given ALA or its rnethylester at a dose of 15G mg/kg. At 
least three mice were used for each condition > v 

F l uorfifirrence spectroscopic measurements in' si^r : ft 
perkiri' Elmer : Lis -50 f luprescehce r : spectrometer equipped 
with a red-sensitive photb^ (Haitiamatsu R ' 928) 

was used,. This : instrument has a pulsed Xenon arc light 
source :>nd ; phase sensitive detection, such that r r ; 
fluorescence can be readily measured. Part vof the 
excitation' beam (set at 408 nm for fluorescence 
.ineasurem^iits) w<as ref lected into a 600 ^m core ' ■ "\ 
\ tnttltimpdus optical quartz f iber > (No • 3501 393 , Dornier 
: . Medizintechnik, -GmbH-, Germering, Germany) by means of p. 
mirror for; application onto the subject through a hand 
hpld prpbe r Emission ini- the regloh 9f 5504750 nm wkk 
measured via emission fibres collecting information' 
. through ; the probfe L - \ " ; I ' ■ '' 

Fluorescence, micros nnpy , After the creanis Were . 
topically applied to the. skin of mice for various "times 
(as in4i6ajted . above) > the skin was biopsied and the 
frozen tissue sections were qut with a cryostat to a 
thickiiess of 8 wa. :The fluorescence microscopy ' Was 
carried out using an Axioplan microscope (Zeiss; 
Germany) with a 100 W mercury lamp. 5 The fluorescence 
images, we^re : recorded by a light-sehsitiVe thermq- ' 
electrically cooled charge coupled device <CCD) : camera , : 
(r^soliition: 385x578 pixels with a dyiiamic range of - 16, 
bit^ .per ^ixelj (Astromed CCD 3200, Cambridge, tTK) and 
haird copies oh a video printer (Sony ; mult iscain video 
printer UP -93 6) . The filter combination u££d; for 
detection of porphyrin f luo;rescehce consisted of 390t44 x O / 





nm excitation filter, a 460 nm beam splitter and a >6O0 
nm emission filter- ; 

PpIX fluorescence was measured in situ by an optical- ' 
: fiber based system in the normal skin of 'nude mice 6,5, 
■:. 1;, 1.5,. 2.5, ,3, 3.5 and 14 hours after topical • ' 

a PP lica t.ion ?' f . free ala; / 0 r Q £±. of; i tS; ester derivatives 
^ as described above. : A# shown in Figure .1, the ' Ppix 
fluorescence was already built-up 1 hour after topical 
application in the case of all derivatives; while the : 
fluorescence was seen 1,5 hours after the application of 
free ALA.. . The maximum fluorescence intensity was found 
14 hours after the application- in all cases, but PpIX 
fluorescence induced from ALA esters in the -skin was 
stronger than that from free ALA. Furthermore, as can 
be seen in : Figure 2, 14 hours after the application no 
. fluorescence of ALA- est ers— induced' PpIX. was detected Tin • 
other areas of the skin and internal organs, including 
ear, dermis, muscle, brain and liver. However, in the 
case of free ALA, a strong fluorescence was also seen in 
" the ea F a ? well as in the other areas of the skin, ■ 
j?hus , alter topical application ALA- ester ^ induced PpIX 
-was found locally in the skin/ whereas free ALA-induced 
p P xx distributed not' only locally, but also in other 
areas of the skin . , We suggest that ALA is transported ; 
' in the blood and that PpIX is subsequently formed in all 
organs containing the enzymes of the heme synthesis 
pathway and/qr PpIX is formed in the skin and then 
transported to other tissues via blood circulation. The 
latter situation may lead to" skin photosensitivity in 
areas where , free ALA is, not topically applied. In 
addition, kf ter intraperitoneal " inject ion of ALA .. 
methyl'ester at a dose of 150 irig/kg, the PpIX ; 
fluorescence in the skin of -mice was built-up 15 minutes 
after - the * injection and" the' peak value was found' around : , 





4 hours., and the fluorescence disappeared within -10 
; hours : j>pst the .injection (Figur^ \3) . . This kinetic ' • « 
pattern is similar to that of the fluorescence of free 
AIiA^ induced porphyrins in the skin following x_.p, 
.injection of the same dose, although the fluorescence 
decreased faster* in the case o£ the ester than in the 
ckse 'pf the' free ALA,.- < . ." • : * \ \ V\ 

■ .Example 10 : 

Measurements of protoporphyrin- IX tirodyction in huny^ 
basal cell carcinoma (BCC) and surrounding normal sk-jn 
bv optical-fib^r based system 

The PpIX -fluorescence in the BCC lesions, and surrouhding 
n:pr^al skin of human patients was: measured iii situ by , '■ 
optical-fiber based system after topical application pf • 
20% free ALA and its derivatives for various time - 
intervals . • ; - : ' ■ * ' \ \ 



Figures 4 , 5, 6 and 7 show that, compared to free ALA, 
the ALA derivatives -induced PpIX was built up faster, 
produced moire And localized more selectively in the BCC 
lesions ( i ; fe • much less fluorescence in the surrounding 
normal skin) , particularly f or ALA me thyl e s t er c 



Example 11. 

In vivo - fluoregcence surface ineasureTnents of PpIX 

produc t ion in human BCC and .surrounding normal skin. 



J2i 



CCP mloroficopy of "biopsies 



In a 78 years old Caucasian male presenting multiple 
ulcero ^nodular BCCs lesions were exposed to commercial 
oil- in-water creams containing either ALA alone (20% 
w/*r) : or ALA methyl ester (20% w/v) (as described in 
Example, 7) cbyered by a semi-permeable dressing for 24 
nours/ After removal of dressings: and cream in vivo 
f iuprescerice was measured at the surf ade of tuimor tissue 



: • - ' v' a .^ d . adjacent normal skin b^rneans of a - : -.> " 3'" . > . 

v "" ^ ^Iftirbf luor^^^r. P^ch'J^iopiies of the .^artfe areas 




pattern of tJae porphyrin f luore scene e in 
the tissue sections was directly observed by means of 
fluorescence microscopy. The sarne frozen sections were 
subsequently stained with routine H&E staining for' 
histological identification . The same sections were 
subsequently stained^ with routine <sH&E staining for i 
histological identification, fluorescence microscopy 
.■•Was carried put with Ian Axiojplan microseppe (Zeiss., 
Germany). Fluorescence images arid quantitative 
measurements were performed by a light-sensitive 
therraol -electrically cooled charge coupled device 1 (CCD) 
can^a (Astromed CCD 320-0, . Cambridge r UK) and an image ' 
P TO F£S&ing unit (Astrdmed/yisdLlog PC 4 86DX3 6 S tf&z/VTj) .. 
The main purpose f or ^uch quantitative measurements is * 
to determine ti^e exact penetration of ALA- induced \ 
porphyrins from tissue surface to the bottom layers of 
cancer lesions. The results are; shown in Figures a* iand ' 
9 ^bich the fluorescence intensity is expressed as a 
^functipn ot depth of cancer lesion.- ." • v^i / "/ 

As shown in Figure's 8 and 9, an homogeneous distribution 
of PpiJc fluorescence is seen from the top to the bottom ■ 
of the whole BCC lesions after use of either free ALA or 
its methyl estefv : this suggests that ALA methylester is 
at least Jas good ais free ALA in terms of penetration and 
PplX production in, the BCC lesion. In addition, no PpIX 
fluorescence was seen in the surrounding normal skin 
after topical application of ALA methylester^ indicating 
that ; A^-methylester-induced PpIX highly ^ selectively 
took place 0rily in.; the BCC lesion":; V' : 

In vivp fluorescence aft er 24 hours showed at least: : 



. V j uuuoxea rxuorescence intensity -for ALA methyl ester. - a •• 

' ' Y ( . "'*' ; 9 ort Pared to AIA for the selected tumors and also an .: ' YY 

^ - only .c^abput 50%. ' The ratio' between tumor and normal Y 

. . ' • *^?Ae>w^s^about\l:-2':.^l^fpr.AI^ -and 2 YVf or the AlA.^F^I^r-. 

Y'Y; ; Y,methyl ester." The, .results are shown' in Figures' 10 anf"Y '5? 

Y : -i ; \ ~ ■ .' li.Y • ■* ■ y Y v - \ * '" ' . . y/Vv p^-Y' Y^ 

:.. At control one week after treatment all treatment fields • 
presented a central necrotic area corresponding to the ' - ■' A 
tumor. In the ad jacent ; normal skin exposed to cream and 
. •'• light irradiation there was observed a marked erythema K :1^.S'~ 

for the ALA while for the ALA methyl -ester only moderate ''" * : - 
c erythema Was observed. . ' - / . 



? Y- 



: , - Example J ^ ' , ' ' j5 V " ' . v Aj' ' " •- 
^Yy; ^rcducf i gn in tinman BCC ^nd stir rounding -no-rma i >.^Wi r, h Y ; : '. - 

Y ; . ^ YCCD ml OrOS COPV of hinrmi:i»n ■ Y'Y : - Y^YV 

The present data show the localization patterns aiid 
, : f ^rpcW^iqm of. porphyrins (mainly .protoporphyrin IX/, * * v 

t ^ ff PpIX) ) after topical a^lication' of free ALA i^^<S^i ' 
" ' ^itsT derivatives (methyl ester > for., 4 , 5* and 24 ; hoxurs in ^ 
• the nodular basal cell carcinomas (BCCs) and suriouridihg • 

normal, skin of patients. The tests were performed: ai 
/ described in Example 11 . y f 

Each of thfe following -figures show :both (A) fluorescence ■ 
images of either the bottom layer of BCC lesions or of 
the surrounding normal skin. Curves indicating the 
j \$lupre-fi|cehce intensity as a . f\x^ction : 6f depth of the BCC : 
- - ] lesions or of the normal ^kin are also slibwn (B)> 

V Figure -12 shows, a homogenous distribution of PpIX r ; 

fluorescence generated by AiA : methyl /ester in the bptt.din ' 



j ; a 






- 4 > 5 hours after - topical application . , ~ - ■ 
' . : '>: ?he ^ e ;* s ?ilso some.:p0rphyrxn fluorescence in surrounding - 

" . • ? 1 ° 1 ^ al ^ sk ^ < Figure a l3) /-The fluorescence intensity - .' 

racio between :^CC and -the normal skin is-,sabput i. - 
. r ' - > . Moreover, . the absolute amount of the fluorescence, 

. .C'^. induced by ALA methyl ester is higher than that induced " f 

by free AlA and 20% DMSO after topical application for 
4.S, hours' , as shown below. 

FiguresU4 and 15 show a uniform distribution^ of 
porphyrin fluorescence induced by topical application ,o| \ 
( | .* \ -.ALA -methyl ester for 24 hours in the bottom layer ' ofVgcc^' *. V -; 

"'. • ' ; and • 'surrounding normal skin. The 'ratio of the HZf* '•'"*- 

" ■■■ :M : fluorescence in BCC and that in normal, skin is also ' . • "' 

■'■f about 2: Furthermore, . the fluorescence intensity of ALA *' 

"• < methyl ester -induced porphyrins in the BCC is Almost s '' ' '" ~* 




16 and ,17 show a homogenous distribution of free 
• \ ALA- induced porphyrins in the bottom layer of BCC and 
•' surrounding normal skin 24 following topical 
\. : ^?? licat:LOn - However,, the ratio of the fluorescence 
V'- 4 - intensity between BCC and normal s)<in 'is about 1/ which 
. • ••• . indicates a low selectivity of this^ treatment : \- Moreover 
the production of porphyrins in BCC is less than that in 
vj-v the case, of AjiA methyl ester. ' •.- ; .»• ■ 

Figures 18 and 19 show a homogenous » distribution o£ ALA- : 
. induced porphyrins in the bottom layer :of BCC and 
surrounding normal skin af ter' topical application of . • • 
free ALA and 20% dmso for 4. 5 hours . , However, the ratio • 
. of the fluorescence intensity between BCC arid normal 
skin is only slightly larger than 1, which demonstrates 
that the DMSO probably reduces the tumor selectivity of 
the porphyrins produced. Moreover, also in this case 
: less porphyrins; arS produced, in BCC than in the case- of 



InYeg^qation^ of ;ttie ef fectg of the chelating agfmt, ' : r Qfc 

desferridxamine CDF) and/or DMSQ.and ^luorescenrjp nf. / v*>£ - 

skin ■ ;K . ;:\ ; L 9%^-^ 



• :/ . 

I. The effect of DP and/ or DMSO on the build up of , 
flubrescehee in the normal skin of mice in situ wak 
ascertained various times after topical administration 
of ALA-methylester. Methods were performed as described 



an Example .3 ;\ 



- results r ./ ■ ■ ■ ■ jy-. 

y Topibal application of the cream alone containihsr only " 
- PMSO did not show any fluorescence in the norma 1* mouse • > . b 

skin/ - but there was some fluorescence; of PpIX after - DF ^ : :[ / 
^ alone -was applxedv. ~ . >W- : \*. ' " ' U v 4< ; v // • 

* ;DF ; or :DF plus DMSO Ja well-known skin ^penetration ^ : t : V" ':• 

enhancer) signif icantly "enhanced , the production of ALA - „ 
methylester^induced PpIX. 



:< i ^ fluorescence imaging of the skin treated wxth three 1 

^ ■ derivatives^ (performed as ! described in Example 9) showed v\r : \c 
'•- fluorescence of the ester derivative -induced porphyrins -- : " • 
in the epidermis, epithelial hair follicles and 
sebaceous glands 1 h after topical application (Figure 
21).. The fluorescence intensity of the porphyrins , 
increased with thfe time. after the applications ; ^ 

j'-'l ^v:-- -J. \ ■ V>- • ;s^r^Y ' , ' :-a v : ^ 

A large number op patients with basal cell ciarcinotnas 
(BCCs) has topically been treated with ALA- based PDT in 
;pur hospital' during the p^st five yeairs : anji more than :< 
90% of supe±*ficial BCC^s have shown a complete ■' 



~; 5 . v ; , i^egjregsion . Ho&eYf r > nodular ^BOCs had;ia low coinpletre • < ' 
• ' response rate diie to -a ppqr ALA retention and, "* ' # ? ' 

^%?£S^ ent 1 y ' a^#pw ALA-ii^ced 'porphyrin prdductibn in 
'^ -^ ,' \ tHeT^^p '.layers of the lemons. ik order to improve the ^ : 

Ty** ^* ' • t ^?^iq^e >/. vised fester derivatives instead f of ^f ree : ; \r'*M 

present tfata 1 obtained presented in this 
•Exatnpie and, in Exainple 9 by means of both fluorescence ' 
spectroscopic measurements in . situ and fluorescence 
- J , microsqopy, of tissue biopsies; indicate that all three 

- ester derivatives studied were taken up, de-esteri£ied 4 
and finally converted into porphyrins in the Epidermis, 

V nude mice with a higher porphyrin production than' that 

of free ALA. This is In agreenient with the preceding ' 
Examples , concertiing^ ahstudy of human nodular basal cell : 
, • ■■trJ: carcinoma that, demonstrate that the f lubrescehce of the 

v| - ALA ester r induced porphyrins wa^built .up faster wit:h a . : -/^ :. ; ! : 

, % > f fe^^^ , . •• . ■ . 

\ those- of free AlA-ihciuced pprph^ins in^t-hei lesions^ 

The present study also shbws that DF has a significant, 
; '<i- . effect in enhancing the production of ALA methyl ester- 

• / . derived ^PplX in- the normal skin of the mice aft^r > 'V : ; 



r 



Interestingly, a strong, fluorescence of free ALA- induced 
porphyrins was, found in regions of the skin outside the 
area where the cream } was topically applied (Figure 2 ) .." 
This indicates that after topical application free ALA 
•Ms .transported in the blood and porphyrins are 

subsequently, formed in all organs containing the enzymes 
of the heme synthesis pathway or porphyrins are 
initially: formed in. the skin or/arid liver, -then 
transported to bthejr tissues Via blbbd circuiatioii. 
This may lead to skin photosensitivity in areas where 
free ALA ig even not topically ap^liedf. However; -. none 
: : 'pf the ester (^fivatives studied . induced -porphyrin ' *' 




• ■ i.^^* fluorescence * in itfier parts' of • the 'skin;"- ' : f ^ ' ••' ' ' j r .. 



" ■ ' 'Effftrfp Q £ ALA methvl ester err' AT.A . DP 'and B MSQ ; <PTVr ^ ' 

; ;- ' tHIIlff r -qrrQWth in WlDr htnnan cMaijLg ^ arctTiriifik-: >"" ■ " ' • V' " 



transnlanfPfl rmde mrrrp . V f. i' 



v 



Nude mice were transplanted with WlDr human colonic 
careinoma cells -By subcutaneous iii} feet ion ii^o the, rigSi ^ 
:£±a.nk^x&gion, The. following preani4,( f orttiulated as . ,i - 
: * : ;V; ' . described in ;th^; preceding Examples i'^ were- kpplieii*- - - / ' \ff :. t /. ' : 
topically -^q the -site of the tumor :3 ? 1° % DP alone ; 20% 
; 4 ALA + 10% DF + 20% DMSO; or 20% ALA|m£thylester ' + 10% DF 
" + 20%^DMSO # followed, ^ 14 hours later- by laser light _ v 
: ^^ r f . d ^ a t ion (632 nm , ISO mW/cm 2 fof Is minutes) . a 

separate group of. animals bear pig 1^1^' s^^tuthor |rpdel ^ 
;N. but -receiving no ; Jtopical ^applic^ ' . • ' * ■ :.y : 

* V.' served ^ as a ^control , The responses ' of the' treated 

tumors ; were evaluated as tumor regres s ion/x|5gtqv>it h time,: ■ 
When the tumors reached a volume 5 times that of > the 
•' ■ '"[■" vplu^e"<?n the day of light xrradiat ion , the imice 'were 

- killed.* The results are shown 'in 'Figure 22/ (Bars: ')V, 

standard error of mean (SEM) based - on 3-S individual W , ' % ' i 



f \ Standard error o f \neauci ( SEM ) ba^e;d ' bn 3 ^5 indi vidil^l 

animals in each group \„ The. results show that it took 
; j x < : 34 days for tumots treated with ALA methyl est er + DF + 
DMSO toe reach a volume five times that of the volume oil 
: the ciay just before light irradiatipri r whereas Ih the 
case' of free ALA + DF + DMSO it todk-24 days for the 
. trieated tumors H to grow to 5 times siie. Thus, ALA 

^lethylester is more effective thati ALA in slowing tumor 
regr6v/th ;: - . ' ' - '". :*;■"'■' 

Selectivity Of ATrA eaters fme^hvl . hexvl, fap t vl.aria : 
PCtYl) fbr non formal £jj33ag 



-35 V'.X; 



The Ppix f luorescence ratios between -BGC lesions arid- * 
surrounding normal sJfin after topical application of ALA 
or its esters (20* for 4 hours) > was examined using 
methods described, in previous examples . . The results are 
shown in Fig. 23 and indicate that all esters can more • 
selectively , induce PpIX- iri BCC lesions -than free ALA, 
particularly v in the case of AIA-methylesfcer "an3 ALA- 



■ : \ 





1. Compounds being esters of 5 - aminolevulinic acids or 
pharmaceutxcally ^acceptable salts thereof. 

2. • Compounds of formula I, , \- ' 

(wherein R x may represent alkyl optionally substituted by — 
: hydroxy, alkpxy, acyloxy, alko^carbonylqxy< amino, . 
■; ; aryl;,. QXo or 'f-iuoro groups :and / bptidnally interrupted by .• 
oxygen, nitrogen, sulphur or phosphorus -atoms; and R?, 
each of which may* be the same or different* represents a 
hydrogen atom or a group: R 1 ) and. salts thereof . 

.3. r Compounds as claimed in claim 2 wherein the aryl 
group is phenyl or a monocyclic 5-7 membered 
: rhe^te^daroThk-tib : • . / ' • . : f >' i! : ^v$A 

■■ 4v : Compounds as claimed in claim 2 or 3 Wherein R 1 

represents an unsubstituted alkyl group and/or each R 2 A 
represents a hydrogen atom, . , '%-^ 

; 5 / Cpmpouncls as Plairhed iii any one of claims 2 tp .4 
: : wherein 1 the alkyl group cont ains up to . 1:6 carbon _atpm£ : . : • 

fi . Compounds. a$ claimed in ably \6jie of claims 2 to 5 
wherein t lie compounds ar^ AIiA-methylester , \£IA- 
ethylester, ALA -propyl ester, AlA-hexylester, ALA- 
: heptyleister or ALA-octylester or salts thereof. 

7. A pirpcess fpr ; preparing the : comppuncis as defined in 
s apy one of claims 1 %o 6, comprising fprming aji ester of 

the tcarboxy group of a 5>raminplevulinic. acid. 

8. A .process as claimed in claim 7, comprising 




; : : , 4$0$&?::. : 

. W0 96>d|4li ; : . 

•" • *' : * t . • k, :> .-.*• • V'-' ' " • :v. :*.-.-' : 7f.v-^'.'*.-' *•'• .-. « . ' ' * ? " i ' 

reacting a : 5-aminolevulinic acid, or an esterif iable^ 
derivative thereof / with an alkanol or an .ester- forming 

9 . A process as claimed ih claim 7 oaf 8, which process 
comprises at least" one of the following steps: 

(a) reacting "a compound; of formula ii 

-. V \ :; RiN-. cH^cgeife --.cH^cd -x ~ :/• -(id 

(wherein X represents a leaving group, or COX represents 
an .acid : anhydride group : and : R 2: is as defined in claim 2) - 
with a corappund: df formula Til. 

V * y R^t'QH }' ^ (II-i;) ■•: - 

(wherein R 1 is as defined in claim 2) ; and 

? (b) converting a compound of formula I into a - " 
\ ph^^aceut ical.ly adc.ept able- salt th&rkdf , 

10. Compounds as claimed in any one of claims 1 to 9 ? 
* .-?^te." thetreof , or use\iri phptochemotherapy or ^ ' 
diagnosis.. : ' " ^ 

11 ^ : A pharmaceutical composition comprising a. compound 
as def iried in any . one <6f • claims 1 to 9 , or a 
Pharma.p(autricilly acceptable s<alt thereof , together with 
at least one pharmaceutical carrier or expipient . 

12 \ The use of ^ compound as defined dri any one of 
• / claims i to or *a phai^aceuticaiiy^^ salt 
thereof, for the preparation of a therapeutic agent for 
use in- pho.toch|emptherapy / or a diagnostic agent f or use 
in : diagrho^is . : : 



: ' ; Vi3V Ttie use as claimed 'in ci'Sim 12 wherein th^. 

. phptochemotherapy or- diagnosis is performed on disorders 
or, abnormalities ;pf external; or internal surfaces of the' 
body which are respdrisive to phptochemotherapy. . 

14 , A method of diagnosis or pho t ochemo therapeu t i c 
treatment of: d'iabrders or gbnprTnaiiti^s of External: oar 

: ihtefnal surf aces 'df ; the .-body, comprising a<toihistering. : . 
to tjie sites of investigation or .affected surfaces, ■ a 

? composition as clef ined ih^laim 11/ and exposing, said , 

.sites or surfaces to light., : ' : 

1.5* < A method as claimed in claim .14 wherein the . light . * 
is in the wavelength region 500-700 nm. 

16;, A product comprising ^ compound as claimed in : any- 
one of claims 1 to 9 or a pharniaceutically acceptable 
salt thereof, -together with at least one surface- 
penetration assisting agent > and optionally pne ot more 
chelating ageints as a combined preparation for 
simultaneous, separate or sequential use in treating or 
diagnosing disorders or abnormalities' of external or 
internal surfaces of the body which are responsive to 
phofcochemo therapy .. : : ' 

17- A; prpduct as .plaimed in claim 16 wherein the 
surface -penetration $s£isting agieht is CMSQ. 

IB. A method of in vitro diagnosis of abnormalities or 
disorders by assaying a sample of body fluid or tissue 
of a pati.ent / said, method' comprising at least the ; 
following steps; ' ' : ■ 

: i) . admixing said body fluid or tissue with a : 

. cbmpbuhd as /def ined in any one of claims 1 to 

/ ; . ' . : ! . , : ' ' 1 \ " ' ' 

ii) exposing said.mixture :tp light, 

iii) ascertaining the level of f luorescence, : and * 




nosis^pr 



a) 



b) 



c) 



lers : abripiyialities /of external or ^internal — ^ << > ^ 
es of tile body compVising: X ^ . "'• 



a first container containing; a compound as claimed • 
in any one of, claims 1 to, 9 or a phaxTnaceutically 
acceptable salt thereqf, - 

a second container containing at least one surf ace 
oenGtrafcibn -a^?i h1H ti*t agent; and optionally 1 



one or more chelating agents contained either 
v^ithin said £irst container or in a third 
container^- '"t. ? * ; 
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